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3-0 {0-06 M Xris-Ha buffer) usiag 16 V/cm for 1 h. 
The two virua bande, located by staining a portion of tbo 
gel aa described hero» were c;it out and the virua poHioles 
were eluted by vigoroiia atuxing Avith 0-03 M sodiuin 
phosphate buffer, jjH 7-6. Viruses from each band v^to 
exammed with the electron microsoope vtaing nega^ivo 
etammg^ vath phoophotungstio acid. a«d found to consifit 
of roiyhedral jparticlee, both of aimih^r diameter (2S-30 
nm). hx addition* the tlow virus preparation contained 
mnall numbera of larger polyhedral particles (40^5 mn 
oiatneter). 




Vlg, 1, I^3tmcyIunl^e fee) dcctzopbarssls In TAS %ul»X. AttOOo at 
from tf a-4 h) fltalMd with acridhie oriisi- 
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I^e two Bmaller viruses frere Eerdogiealty distinot^ In 
gel diffusion tests, using the antiaenim described hfite, 
two precipitm lines were obtained* both "with the un&ac- 
tionated vims preparations and with* znisctures of the 
SBfporated viruses. Sepa^tely tho slow and fast viruses 
each yielded a single precipitin line. The two lines ercssed 
Over each other indicating non-idmtity of the two 
immxiuojens (Fig. 2). Examination of eaoh precipitin 
line electron microscopically revealed the prceeiice of 
Cnly th<* smaller virus particles (2fi-30 nm diameter). The 
larger particles (40-46 nm diameter) did nob rise to 
a precipitin line with the antiiseiruin used, and further 
invcetigation is required to determine if they ai« sero- 
JogieBJly related to either of the two smaller viruses. 

Previous work hnq eetabliehed that the viral RNA from 
P . 9tolonife7um is double stranded*-' with a sedimentation, 
eooeioient of 10-129. Because this RNA was prepared 
without sepapatxon of the individual viruaea it waa 
suspected that it may have been a mixture. UNA pre- 
pared from thfi natural mixture of the three viruses by the 
phenol rtwthod' has new been examined by polyacryiamido 
gel eJeotrophoreflie (4 par cent acrylamidq. 0-04 per cent 
rnethyleno Mtf-acrylamide, TAB buffer) and found to give 
TSfi? t^^^' I'^wther characterization 

of the RNAs from the' iniUvidnal viniaes ia in progress. 



Autoradiographic Detection of 
Molecular Hybrids between rRNA 
and DNA in Tissue Sections 

We describe here a method for DNA-StNA te'bridiaatien 
which peofmits one to localise, at the microscopical level, 
molecular hybrids formed between a purified 'H-labelled 
B>NA species and DNA in the cell structmes of tissue 
aections. 

Chinese hamster cells of the CHBB' 125 strain wotu 
grown in monolayer cultures in Eagle's minimal cesentlnl 
medium supplemented whh 10 per cent calf serum. In 
order to label the rBNA to a hi£h spacifiD activity, *K*o- 
uridme (Radiocharoioal Centre, Amareham, 19 Ci/mmolo) 
was added to the cultures at 30 uCi/hU. for three genera- 
tions J a )ialf-generation chase with non-radioactivo uridine 
fSoUowed- For the same purpose the BaeheruJUa coli 500 
Sfr V- uracil requiring strain waa grown for several 
generations in synthatio medium* in the preeence.of *H-fi- 
uridine (10 Ci/mmolej 20 tACi/ml.)j .a hundred^fold excesfj 
of non-radioactive iiridina was thm added for about hair 
a generation* Hamster rRNTA was extracted from total 
cells and porifled by sucroao gradient centrifijgation*. 
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cc*^» xBKA was extracted irom cella, by grinding 
aluminai following thd fiamo procedure, 

'Che Jwtneter *H-KNA (equimolar mixtnro of 283 and 
ISS components) studied he^e has been teeted in conven- 
^QAol hybrzdizatioa experimoniB with ptiri£»d DNA 
o.vliracted from hamster cella. The tomperaturo and time 
of iticubfttion (65^* 0 for 14 h) and ribonucleaae trcatttwut 
of the hybrids (IQ yt^/m], at room temporaturo for 1 h) weore 
tho Bwa© as those for the hybzidi^tion oxpGdmcntB -with 
tiiBuo eeetiona^ In these condition3, obturation waa teached 
at an RNA concentration of about 2 y^lini* ; about 0-02 
pcT cent of the DNA was hybridized at saturation. 
rlilTA £pom coli Ixybrldized neglipbly with hamster 
PK'A, but the expected level of hybndization (O-i pet cent 
ab aaturation) 'qrafl obtained with DNA from jET. coK. 

To minimize the effects of the fixative on the BNA 
.structure, golden hamster braia and liver vere usually 
fix^d for 3 in a ndxtore of absolute alcohol ^^i^ chloro- 
form (2 i 1); in somB cages 10 per cent aoetio acid waa 
added. The tissuee were then exubedded in parafSn and 
soctioacd at 5 |xm. X'oUowing removal of the paraffin and 
hydration, tho sections wore mounted on elidsa with 
glyoenn-olbumxn or coQected on membrane filter (IffilU- 
pcrtpo, OS type, pore eize 0*22 yaa), 

Denaturation of DNA vas carried out hy heating the 
tissue flections, on filters or slides, in SSC/10 at 100" C 
for 10 min (SSO^OUS M KaCl-0-016 M sodium citcate). 
Annealing was then performed at tXS^'C for 14hinSxSSC 
eontaining Z |xg/ml- U purified ^H-rKNTA from Chinese 
hamster (1,260,000 d.pjn./iie). From then on the sections 
oa Sltece were treated as described by Gillefipie and 
Spiegelmana for oonvenfaonal DKA-E^A hybridization. 
Tho specimens t^ere thorou^y waaihed by filixation with 
2xSS0 and then treated with nbonudeaso (10 j^^toI.) 
for 1 h at room temperature in 2 x $SC< After anothr^ 
washing, by filtration with 6 X BSC, tho apecimeaa were 
air-diied and pre^red for autoradiography. For sectians 
on alldea the same procedure waa followed except that the 
washing was performed by eeveral changes of SSC solu- 
tions. After the l^rbridization procedure, tha eections 
were air^diied and the filters glued on slidaa. AH sUdee 
wece dipped in undihrted Kodak, NTJB 2 emukion, air- 
dried and exposed in a dry atmnspheve at 0°-^^ O for 
pexioda from 20 to GO days, Prooesaing was catiied out 
witib. Kodak developer. The elides were usually 

stained with^ hoematoxy^ The sections, attached 
directly to slidee, were mounted witb a coverslip. The 
membrane filters were air-dried and clarified with 
sion oil* 

Mioroscopic examination of thd autorodiographs ob- 
tained in this way revealed that most rkaclei were labelled* 
la brain sections this labelling was chiefiy restricted to 
the nucleolar re^ona (J^g. IC). Neurol cdls ace partijju- 
iBxty suitable for this kind of observation bei^use of the 
considerable size of their ruidfii and nucleoli (!B^. X^), 
Simaarly. liver cells ehowed a grain concentration in the 
nueleoU (lE^^i 1Z>) but silver grains sometimes a^ppeared 
also in othei" nuclear regions. This may result from the 
pvesenoe of several amaller nucleoli (iFig. IB) in these 
nuclei which are known ^equently to be polyploid. In 
all cases the oytoplaarmc labelling was very weak or 
absent, especially in. the case ^ sectxona on filters. This is 
probably because the washing by titration is moio 
e£Sdcnt. On the other hand, the nuclear labelUng was 
greater in sections mounted on filters, probaUy because 
of the binding of the denatured D^A to the filters which 
might reault in a decrease in the loss of DNA &om sections 
and in less renaturation of DNA. For those reasons and 
for its simplicity the filter method waa prefeerod in our 
experimenta. 

To verify that the binding of 'H-RNA to the nudear 
6tructurefl ivae the consequence of specific DNA-RNA 
hybridization, a heterologous radioactive rRNA {E^ 
'H-rBKA ; 1 .200,000 dipan,/(ig) waa used in l^bridization 
experiments ' on tiaauo sectiona following tlie method 
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aecUoia Pom htmatep "braSn. CA.\ md Ptm (fl) <iM in minnhrX- 
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described. Pig, US and IF demonstxate.tbat.thace ia no 
IfthftlTing in the cells. Puvthear evidence Bor the specifioity 
of th« Iq^bzidB obtained in tissue aeotioofl comes fifosn 
competition CKperimenta. The annealing reaction was 
carried out as described bat in the prwenoe of ncn-radio- 
acilvo 'RNA in a teD-fdd eKcesa with respect to hamster 
*H:-rRNA- "When the non-radioactive BNA was homo^ 
logons (hamaieF rBNA) to the tadioacftive BITA, the 
labelUz^ of the imclei azid nucleoli was drastically dimin- 
isfasd, while the addition of non-radioactive h£tOTOl<^oua 
BKA (B. coU rB^A) lowered the nudear and nudeolar 
labellirig only slightly. 

In aU the eaqverimenta we have described the ribo- 
niidlease treatment following the hybridizatian was per- 
formed at a concentratibn of 10 ifg/ccd* at r^m tempera- 
ture for 1 h. The si^presaian of this step residted in a net 
increase of the gcaia number in the nuoZd and nnoleoli; 
a libonuoleoae concentration of 100 usl^- (1 h at room 
temperature) reduced partially (3O-60per cent) the label- 
ling aa compared with the 10 |xgAnl. ribonuolease treat- 
ment. In experiments with coli *S-rENA, even in th^ 
absence of ribonndease treatment, tho grain count was ai 
background level. 

If the DNA thermal denaturation step (100° O in 
SSC/10 for 10 min) ia omitted some hybridization still 
occurs on alcohol-chloroform fiacod tissues. It is possible 
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incMbfttion )s sufficient to loosen aomewiukt the DNA 
Btnurture Olid to allow a certain degree of hybridizationj 
« more hkely expiation ia that, during the hwtologioJ 
proceduw for ^iraflSn ambcdding, oonditiona arc 
1^ ^^-^ donaturation. When thaw waa acetio acid 
m tlia fisatovTO soUition, the liybridizotiw seamed to be 
Atoout the a^ne with or ^thout the thennic denaturation 
^p, probably because of tha denaturing oetion of acetio 

o^V^rJ^^^^u^"^ ™ lybriaization 

espemn<mta with haaater 'H-rRNrA averaged fl% per 
nucleua in 30 daya' «tpoauro time, when lOi/Sj 
riboaucleaao treatment •wrw adopted. There is. howver 
con^deraWe variability-from t^to Sy i^i^e; 
mideufr-becaujje onjy part of the nucleus L 
eaA section These values are of the order of S^^tudS 
^eoted on t^ Wd. of the number of rBN-Age^^ 
cdl, the sp«;ifie aotSvi^ of the •H-rRNA used and ^ 
^ciency of tha avrtoradiogtaphic melihad (about 100 
gtOtoB pesf nnclouB in SO days* exposure tnne). 

KxSl''i^5'!5^P*.T" ^ preparation two artidee 
bj GaU and P«idue* and by John. Brniatiel and Jones' 

We thank Professor A. Lima-de-Faria fiw aaaietaaoe in 
the prqparetloa of this manuscript. 
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Rare Bases in Animal DNA 

The rfl*e bases ^hlcih oooor in ajoimal deserve 
special atterttion bcftauao fchgir presenco is directly relevant 
to qufistions concerning the cellular, eubcellnlar and Qpeoies 
specificity of D^A methylafcion. In onunal DNA, the 
base 6-jneaiylcyt08ine (6^Qyt) ugually detected*.*, 
ifumeroue attempts to findN'-methylodaniD© (6*MeAde)— 
which is characterifitic of the DNA of variouB mic«- 
orsanienw^-*'-in animal X)NA proved unsuccesaful'*'-*. 
Thla may bo acconnted for by the fact that ftw^mai oQjig 
do not contain tho enzymea required fot methylating 
DNA at £wlenine rcaidiieBi-». Neverthdesa, C-MeAde 
and cerfcoin N»-metbyIated deiivativee of goanina have 
been recently discovered in appreciablo amounts in 
bovine ajid human apemi DNA». Our preeenb know- 
Icdgo on the specificity of DlTA methylafcion in animal 
cells ie not only scanty but oIao contradictory. 
K tS5i**^^^ * comparative acudy of the content of 
5-jyrcCyt m the DKA of invertcbrato and vertebrate 
oniraala belonging to difTorenfc toaconomic groupg. J^ipfcher 
we Have afciv^ed the dogrcse of methylation of the DNA in 
tno fipenn and different TOmafcio tisBuea of tho eame animal. 

6 M?lli .^.v^*^*^ ^ ^ detection of 

o-J>i6Ado m animal DNA, 

DNA preporationa from different cells and tisauGe".^* 
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were hydrolysed (72 per oont HCIO,. l.h, 100^) ozid b.w.^ 
ri?^^^^ ^^P^ chromatWhy ai ^cSm 

5.MeCyt was found in the DNA of all animals skn.r; . . 
r.gaxdle^ of their ta^xonomie ^s^<>TS^e V^^^^^^ 
^J^^^P^^ i3 somewhat diSer^t &om th.r 
BNA preparafcwns finim the sperm ceUs of various st^ri ' 

Of the rodenta studied (rat*, rabbit, mouse) aro sWi}' 
^va lower 5-MeQyt^tents a^^^^Sd^th ol£ 
STS^V t proportion of 5.Me(^ is specific fo^ 
fish DNA (about 1-5-2 molea per 100 moles). 

SOttrwofOTA 
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We oWve that the content of 5-MeQyt of DNA varic« 
li?,? 1^*^ »<=>^ea depending on tho 

epeciea. Tofcmg into consideration that eome iasotls 
T^J^^^y^^ ""^^ per 100 moles oi' 

S-MeCyt in their DNA (reft. 1, % it may be stated thoi 
in general the degree of methylation of animal DNA difforn 
more than twenty-fold. This favouia a marked sporri'-^ 
specificity m the mebhylatJon of animal DNA. As a ml", 
the more difltanb the species a^ taxonomicalty, the gniiiU r 
w fchodiff^nca of the proportionofS-Mepytln their DXA- 
Ammal DNA is leas methylated than that of hit/fii-r 
plants", but in animal DNA i^o variobflity of 5-Mcl'yt 
content 10 much greater within a particular species. 

occurs predominantly in iPu-m^C-i^'i 
B6queno8s»'" and is evidently concentroirF<i 
chiefly in <^r«:K DNA. Tho possibility thit the observe < I 
diff^encea m 5;MeC;yt content may bo aaoribed not only 
to the Bpecifioity of DNA methylaaea but alao to tlii^ 
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